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It is estimated that antibiotic-resistant bacteria cause 23,000 and 25,000 deaths in the United 
States and Europe respectively1; the situation is similar worldwide and even worse in low and 
middle income countries (LMICs) where a high infectious disease burden is coupled with 
rapid emergence and spread of microbial drug resistance1. Populations from LMICs are 
facing an increasing rise in numbers of antibiotic-resistant bacteria; members of the 
Enterobacteriaceae and Pseudomonaceae are the most frequently isolated bacteria from 
clinical samples2. Deaths from antibiotic-resistant bacteria are under-reported1, but available 
data indicates that a large number of neonatal deaths due to drug-resistant sepsis occur every 
year in India, Pakistan, Nigeria, and in the Democratic Republic of Congo2. Taking this into 
account, it is no surprise that globally by 2030 infectious diseases are predicted to be one of 
the most frequent causes of death1.  
The important role of the environment in the dissemination of antibiotic resistance is 
acknowledged, and the aquatic environment has been shown to act both as a natural reservoir 
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and a channel for the spread of clinically relevant antibiotic resistance traits3. Approximately 
50-90 % of antibiotics are excreted in urine or faeces from people or animals, either in their 
original formulation, partly degraded or as metabolites. Consequently, due to the higher 
consumption of antibiotics without control in LMICs, huge quantities of antibiotics end up in 
water ecosystems4. To survive in the presence of antibiotics, bacteria have evolved a plethora 
of different antibiotic resistance genes (ARGs) many of which are easily transmitted between 
bacteria via horizontal transfer. The occurrence of antibiotics in wastewater increases the 
opportunity for survival of drug-resistant pathogens as drug susceptible strains are killed.  
Consequently, antibiotic-resistant commensal, opportunistic and pathogenic bacteria occur 
due to both evolution and the acquisition of ARGs3.  
Population growth associated with urbanization is increasing the pressure on regional water 
resources. With decreasing freshwater availability, using wastewater for irrigating 
agricultural lands is increasing globally. In 2014, the United Nations estimated that 3.9 billion 
of the world’s population resided in urban areas, with 2.8 billion living in LMICs. The 
continuing population growth and urbanization are projected to add 3.1 billion people to the 
urban world population by 2050, with a 2.25 billion-population increase in Asian and African 
cities4. The rapid increase in the urban population in LMICs is a source of concern as it is 
associated with an increase in urban poverty, food insecurity and environmental pollution5. In 
LMICs, urban agriculture (the production of crops for sale or consumption within and around 
cities) has been developed by urban dwellers to supply food to the city inhabitants; it 
consequently provides a source of employment and income. Urban agriculture is fully 
integrated in the cities; it is usually practised along roadsides, rivers and river valleys, in 
wetlands, in the middle of roundabouts, in open spaces and parks, and within backyards of 
residential plots. Urban agriculture production systems can provide 41 % of a city’s total food 
supply and up to 90 % of its demand for perishable vegetables5. Perishable vegetables are 
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produced throughout the year in wetlands, along city drainage canals and surface runoff, and 
need a constant water supply. Due to water scarcity and cost, urban farmers generally use 
untreated wastewater irrigation, since more than 80% of the sewage generated in LMICs is 
discharged untreated into the environment6; this is both easily accessible and has fertilizing 
capacity.  
Approximately 50% of the world’s population depend on polluted water sources, including 
for irrigation of agricultural lands; of which 20 million hectares of arable land worldwide, 
giving rise to 10% of the world population’s food production, with one billion consumers, is 
reported to be irrigated with wastewaters6. It has been shown that wastewater used for this 
form of agriculture expose humans and animals to various enteric diseases caused by 
pathogenic bacteria, protozoa, and helminths7. Furthermore, ingestion of faecally 
contaminated water and/or food by microorganisms is one of the major reasons for the higher 
number of gastro-intestinal and waterborne diseases in LMICs8. In 2015, globally 1.87 
million children under 5 years old worldwide died from diarrhoea, representing 19% of total 
child deaths, with 78% (1.46 million) occurring in Africa and South-East Asia8.  
Wastewater not only contains bacteria but it can also contain high concentrations of 
antibiotics from abattoirs, domestic use and hospitals1. Therefore, wastewater use in urban 
agriculture is likely a strong vector of bacterial resistance in wastewater irrigation-based 
farming systems, and the risks associated with the use of raw wastewater in LMICs needs to 
be urgently assessed. Research should include measuring the potential of wastewater for 
urban agriculture to disseminate ARGs; the population dynamics of pathogenic antibiotic-
resistant bacteria in polluted wastewater, and their transmissibility to humans and animals via 
direct water exposure and the food chain. The use of raw wastewater for irrigation by urban 
farmers should be avoided and water sanitation and good public health systems should be 
intensively promoted and introduced in LMICs.   
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